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(54) An ion exchange membrane and electrode assembly for an electrochemical cell 



(57) This invention provides a solid polymer ion ex- 
change membrane/electrode assembly, or an electrode/ 
solid polymer ion exchange membrane /electrode as- 
sembly, for an electrochemical cell, which consists of 
planar layers of materials intimately joined together to 
form a unitary structure. The layers are joined together 



by solid polymer ion exchange resin present in at least 
one of each pair of adjacent layers, at least one of said 
layers comprising porous expanded polytetraf I uoro eth- 
ylene. The unitary assembly can be used in an electro- 
chemical cell such as a battery, electrolytic reactor, or 
fuel cell. 
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a release surface : oven-dried to form a thin layer, and : 
after sufficient layers have been added to form the film, 
removed and hot pressed to an ion exchange mem- 
brane. An alternative method is also disclosed in which 
a different form of the ion exchange resin is solubtlized 5 
in the ink mixture, the electrode ink is applied to the sur- 
face of an ion exchange membrane, heated and dried 
to form a layer, and, after sufficient layers have been 
added to form the film, treat the assembly to convert the 
ion exchange resin to its use form. 10 

This invention provides an electrode/solid polymer 
ion exchange membrane assembly for an electrochem- 
ical cell comprising planar layers of materials intimately 
joined together to form a unitary structure. The layers 
are intimately joined together by a bond, formed across is 
the layer interface, by solid polymer ion exchange resin 
present in at least one of each pair of adjacent layers. 
Each embodiment of the invention has one or more lay- 
ers supported by at least one preformed support matrix 
formed of porous polytetrafluoroethylene. The pre- 20 
formed support matrix of polytetrafluoroethylene con- 
tains the electrode-forming or ion exchange membrane- 
forming materials of the layer, and provides strength, re- 
inforcement, and handleability, while substantially pre- 
venting migration of the materials into adjacent layers. 25 

A planar article or form, as used herein, is an article 
or form made so as to have length and width dimen- 
sions, or radial dimensions, much greater than the thick- 
ness dimension. Examples of such articles include a 
polymeric film or membrane, a sheet of paper, a textile 00 
fabric, a ribbon, or a disc, and the like. It is apparent that, 
once formed, such articles can be used as an essentially 
flat article, or wound, folded, or twisted into more com- 
plex configurations. 

By porous as used herein is meant a structure of 35 
interconnected pores or voids such that continuous pas- 
sages and pathways throughout a material are provid- 
ed. 

One embodiment of the invention is a unitary as- 
sembly which comprises a planar composite solid poly- 40 
mer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and a planar elec- 
trode in intimate contact with and bonded to a planar 45 
surface of the solid polymer ion exchange membrane 
by the solid polymer ion exchange resin. 

Another embodiment of the invention is a unitary as- 
sembly which comprises a planar composite solid poly- 
mer ion exchange membrane comprising at least one so 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and two planar elec- 
trodes, each electrode in intimate contact with and 
bonded to a planar surface of the solid polymer ion ex- 55 
change membrane by the solid polymer ion exchange 
resin. 

Yet another embodiment of the invention is a unitary 



assembly which comprises a planar composite solid pol- 
ymer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and a planar elec- 
trode comprising a preformed electrode-support of po- 
rous polytetrafluoroethylene containing both a solid pol- 
ymer ion exchange resin and a catalyst material, and 
which is in intimate contact with and bonded to a planar 
surface of the solid polymer ion exchange membrane 
by solid polymer ion exchange resin. 

A further embodiment of the invention is a unitary 
assembly which comprises a planar composite solid pol- 
ymer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and two planar elec- 
trodes each of which comprises a preformed electrode- 
support of porous polytetrafluoroethylene containing 
both a solid polymer ion exchange resin and a catalyst 
material and which are in intimate contact with and 
bonded to a planar surface of the solid polymer ion ex- 
change membrane by solid polymer ion exchange resin. 

Other embodiments of the invention are unitary as- 
semblies which comprise a planar solid polymer ion ex- 
change membrane and one or two planar electrodes; 
each electrode comprising a preformed electrode^sup- 
port of porous polytetrafluoroethylene containing both a 
solid polymer ion exchange resin and a catalyst materi- 
al, and each electrode in intimate contact with and bond- 
ed to a planar surface of the solid polymer ion exchange 
membrane by solid polymer ion exchange resin. 

This invention provides a unitary solid polymer ion 
exchange membrane/electrode assembly. The solid 
polymer ion exchange membrane comprises at least 
one preformed membrane-support of porous expanded 
polytetrafluoroethylene which is filled and made nonpo- 
rous with solid polymer ion exchange resin. The porous 
PTFE membrane-support is typically filled by impregna- 
tion of a liquid composition containing the ion exchange 
resin into the membrane-support. The electrode com- 
prises electrode constituents, which include both a solid 
polymer ion exchange resin and a catalyst material, and 
a support matrix of polytetrafluoroethylene. The elec- 
trode is intimately joined and adhered to the solid poly- 
mer ion exchange membrane by a bond formed be- 
tween the ion exchange resin present in both layers. 

As noted above, in the unitary solid polymer ion ex- 
change membrane/electrode assembly of the invention, 
the composite ion exchange membrane comprises at 
least one membrane-support consisting of a preformed 
porous film of polytetrafluoroethylene. Electrodes of the 
assembly preferably also comprise an electrode-sup- 
port consisting of a preformed porous film of poly- 
tetrafluoroethylene. However, other electrode struc- 
tures, also inclusive of a polytetrafluoroethylene support 
matrix, preferably an expanded polytetrafluoroethylene 
support matrix, can be obtained by mixing together elec- 
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used. Surfactants may also be included in the liquids to 
facilitate mixing and dispersion of the materials forming 
the liquid compositions. 

As with the ion exchange resins, no particular limi- 
tations are placed on the catalyst materials so long as 
they are amenable to impregnation into and retention by 
the membrane-support and electrode-support films. 
Any particulate material, or powder, acting as a catalyst 
can be used, and will be selected according to the ap- 
plication intended. Examples include, but are not limited 
to, lead dioxide for ozone generating electrodes, plati- 
num or platinum alloys for hydrolytic electrodes, plati- 
num or platinum alloys supported on carbon black, and 
the like. 

The catalyst materials and a solid polymer ion ex- 
change resin are combined in a liquid mixture for im- 
pregnation into an electrode-support film, or for surface 
coating or impregnation into an electrode structure. This 
can be done, for example, by dispersing the catalyst 
powder in solvents such as those described above, and 
then adding ton exchange resin, or a liquid composition 
containing ion exchange resin, to form the liquid mixture. 
If desired, it is also possible to include a fluoropofymer, 
such as PTFE, tetrafluoroethylene/(perfluoroaikyl) vinyl 
ether copolymer (PFA), or tetrafluoroethylene/hex- 
afluoropropylene copolymer (FEP), in such liquid mix- 
tures to enhance water repeliency in the electrode struc- 
ture. It is also possible to include a pore-forming agent, 
such as ammonium bicarbonate, sodium chloride, or 
calcium carbonate, which is removed after formation of 
the membrane, for example, by heating or leaching, to 
create voids to improve gas diffusivity. 

Catalyst materials can also be introduced into an 
electrode structure as a catalyst precursor. In such a 
case the liquid mixture to be impregnated into an elec- 
trode-support film is a mixture obtained by combining a 
liquid dispersion of noncatalytic electrically-conductive 
particles and a liquid composition containing the catalyst 
precursor and a solid polymer ion exchange resin. That 
is, it may be a liquid mixture of noncatalytic electrically- 
conductive particles, a solid polymer ion exchange res- 
in, and a solid polymer ion exchange resin which has a 
catalyst metal precursor bonded to its exchange groups. 
For example, carbon black is used as the electrically- 
conductive particles; the carbon black is dispersed in a 
liquid composition containing solid polymer ion ex- 
change resin to allow the resin to adsorb onto the carbon 
black. Catalyst metal anions, such as in a platinum-am- 
mine complex solution, are then added to bring about 
ion exchange, after which more solid polymer ion ex- 
change resin is added. The ingredients can be mixed 
simultaneously or added sequentially. When such a mix- 
ture is used, the catalyst precursor must be converted 
to a catalyst by some type of reducing treatment after 
the solid polymer ion exchange membrane/electrode 
has been formed. Such reducing treatments include 
heating and hydrogen reduction, chemical reduction us- 
ing sodium borohydride, and other reducing treatments 



known in the art. A highly active catalyst can be obtained 
with the use of such methods. 

In the preparation of a unitary ion exchange mem- 
brane/electrode assembly of the present invention, the 

5 pores of the porous expanded polytetrafluoroethylene 
membrane-support film are impregnated with a solid 
polymer ion exchange resin to obtain a composite mem- 
brane that is thin yet has high strength. Impregnation 
can be accomplished using equipment and methods 

to known in the art, and no particular restrictions are im- 
posed. For example, the porous expanded poly- 
tetrafluoroethylene membrane-support film can be 
dipped or immersed in a liquid composition containing 
the resin; or the liquid composition may be applied to 

J 5 the surface by brushing or spraying, by screen printing, 
by roll coating, and the like, after which the solvent is 
• removed. Such methods may be repeated a number of 
times until the pores are essentially completely filled 
with the solid polymer ion exchange resin and a nonpo- 

20 rous composite film is produced. The solvent can be re- 
moved by any convenient method such as air drying, 
heating in an oven or over heated rolls, and the like. If 
heating is used, temperatures which can lead to decom- 
position of the ion exchange resin should be avoided. 

25 Due to the strength and handleability of the porous ex- 
panded polytetrafluoroethylene film, and its ability to re- 
tain the liquid composition containing the ion exchange 
resin in its porous structure, the composite solid polymer 
ion exchange resin-filled membrane-support film can be 

30 formed separately, and subsequently intimately joined 
to an electrode structure; or it can also be formed in 
place on the surface of an electrode or other substrate, 
for example, by first superposing the porous expanded 
polytetrafluoroethylene membrane-support film on an 

35 electrode structure and then impregnating the mem- 
brane-support film, which simultaneously joins it to the 
electrode. 

A preferred structure for the unitary solid polymer 
ion exchange membrane/electrode assembly of the in- 

40 vention comprises an electrode structure having a pre- 
formed electrode-support also consisting of a preformed 
porous film of polytetrafluoroethylene. The porous ex- 
panded polytetrafluoroethylene electrode-support films 
are impregnated with the liquid mixtures containing cat- 
alyst materials and solid polymer ion exchange resin by 
the same means described above. As with the ion ex- 
change membrane-support described above, the elec- 
trode-support film can be impregnated separately; or 
while on a substrate providing a release surface, or on 

50 the surface of a substrate to which it is simultaneously 
intimately joined, such as, for example, the surface of a 
collector, a gas diffusion material, an ion exchange 
membrane, or preferably, a composite solid polymer ion 
exchange resin-filled membrane-support film. 

55 in the course of impregnation and desolvation/so- 
lidification of the liquid mixtures, the solid polymer ion 
exchange resin causes the catalyst particles to adhere 
to each other and serves as a binder in fixing the catalyst 
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about 3 micrometers thick (Gore-Tex® expanded PTFE 
film, manufactured by Japan Gore-Tex, Inc.), and having 
a nominal pore size of about 1 micrometer and pore vol- 
ume of 93 percent was fixed to the surface of the coated 
electrode sheet. The porous PTFE film was coated and 
impregnated with the same solution applied to the elec- 
trode sheet so as to essentially completely fill the pores 
of the PTFE film and contact the solution coated on the 
electrode sheet, after which the composite article was 
subjected to UV radiation to effect crosslinking, and a 
unitary solid polymer ion exchange membrane/elec- 
trode assembly of the invention was produced. 

Example 2 

A gas diffusion electrode for a fuel cell was prepared 
as follows: 

An aqueous dispersion of carbon black particles 
("Denka Black", supplied by Denka Co.) and PTFE resin 
particles having a solids concentration 65 wt.% carbon 
black and 35 wt.% PTFE was prepared. The PTFE was 
coagulated, and the coagulum of mixed carbon black 
and PTFE dried. Naphtha was added and mixed into the 
dried coagulum as a lubricant The lubricated coagulum 
was ram-extruded to form a tape 2.5 mm thick. The ex- 
truded tape was calendered and the thickness reduced 
to 250 micrometers. The calendered tape was uniaxially 
stretched (in the longitudinal direction) at a temperature 
of about 250*0 to 5 times its original length, and then 
again calendered to reduce its thickness by a factor of 
5. The porous electrically-conductive gas permeable 
electrode she'et thus produced was about 50 microme- 
ters thick, had a nominal pore size of about 1 microme- 
ter, and a pore volume of about 78 %. 

A collector sheet consisting of 1 30 micrometer thick 
carbon paper, supplied from Toray Co., was impregnat- 
ed with an aqueous dispersion of PTFE. The PTFE- 
treated collector sheet and gas diffusion electrode sheet 
were laminated together by application of heat (120°C) 
and pressure (20 kg/cm 2 ), after which the laminated as- 
sembly was heat treated at 360*C for 10 minutes. 

A liquid mixture containing catalyst material and sol- 
id polymer ion exchange resin was prepared. The cata- 
lyst material was platinum-coated (25 wt.%) carbon 
black (tradename - Vulcan® XC72). and the solid poly- 
mer ion exchange resin was Nafion® perfluorosulfonic 
acid resin (manufactured by DuPont Co.). A dispersion 
of 5 grams of Pt-coated carbon black in 40 grams of 
2-methyl t 1 -propyl alcohol was prepared. A liquid com- 
position of isopropyl alcohol containing 9 wt.% Nafion® 
perfluorosulfonic acid resin was added to the dispersion 
to provide a liquid mixture having a relative concentra- 
tion of 30 wt.% perfluorosulfonic acid resin and 70 wt.% 
Pt-coated carbon. The liquid mixture was applied by 
brush to the surface of the gas diffusion electrode sheet, 
thereby forming a solid polymer ion exchange resin/cat- 
alyst containing region, and the solvent removed, thus 
completing the electrode structure. 



12 

A porous expanded polytetrafluoroethylene film 
was fixed on the solid polymer ion exchange resin/cat- 
alyst coated surface of the electrode. The PTFE film was 
20 micrometers thick, had a nominal pore size of 0.2 

5 micrometer, and a pore volume of 89 %. The porous PT- 
FE film was coated with a liquid composition of isopropyl 
alcohol containing 5 wt.% Nafion® perfluorosulfonic ac- 
id resin (manufactured by DuPont Co.), and air dried. 
The coating and air drying steps were repeated 5 times 

10 until the pores of the PTFE film were essentially com- 
pletely filled, the layers joined by the solid polymer ion 
exchange resin present in each layer, the composite 
membrane-support film became semitransparent, and 
the surface of the film coated with the solid polymer ion 

15 exchange resin. The composite assembly was heat 
treated at 130°C for 24 hours, and a unitary solid poly- 
' mer ion exchange resin/electrode assembly was ob- 
tained. 

A second unitary solid polymer ion exchange resin/ 
20 electrode assembly was obtained exactly as described 
above. The membrane-supported ion exchange resin 
surface of one of the assembies was coated with a liquid 
composition of isopropyl alcohol containing 2 wt.% 
Nafion® perfluorosulfonic acid resin, placed on the 
25 membrane-supported ion exchange resin surface of the 
second assembly and lightly pressed to remove en- 
trapped air, after which the solvent was removed by air 
drying and the joined assemblies heat treated at 1 30°C 
for 24 hours. 

30 The unitary assemblies thus joined formed a larger 
unitary embodiment of the invention to which further 
components were joined. The complete assembly de- 
scribed above was mounted and operated as a gaseous 
fuel cell. Humidified hydrogen was fed on one side of 

35 the mounted assembly, and oxygen was fed on the other 
side at an operating temperature of 80°C. The cell de- 
veloped a voltage of 0.78 volts at a current level of 1 A/ 
cm 2 . 



An electrochemical cell assembly was prepared as 
described in Example 2, except that no membrane-sup- 
port films were used and the liquid composition of iso- 
45 propyl alcohol containing Nafion® perfluorosulfonic acid 
resin was applied directly to the gas permeable elec- 
trode sheet. Numerous cracks formed, and partial sep- 
aration from the substrate occurred. 

The electrochemical cell assembly was tested in a 
so fuel cell as described in Example 2, and developed a 
voltage of 0.67 volts at a current level of 1 A/cm 2 . 

Example 3 

ss a composite membrane-supported solid polymer 
ion exchange resin-filled film was prepared separately. 
The PTFE film was 1 5 micrometers thick, had a nominal 
pore size of 0.2 micrometer, and a pore volume of 89 %. 
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A solid polymer ion exchange membrane (Nafion® 
1 17 perfluorosuifonic acid membrane, manufactured by 
Dupont. Co.) was sandwiched between the first elec- 
trode structure and the second electrode structure, and 
laminated by application of heat (140°C) and pressure 
(25 kg/cm 2 ) to form a unitary assembly of the invention. 

A platinum-plated titanium mesh was applied to the 
surface of the first electrode as a collector, and the uni- 
tary assembly and collector sandwiched between 
ribbed, platinum-plated, stainless steel plates to form an 
electrochemical cell. Purified water was fed to the ribbed 
portions, and the cell was operated as an ozone gener- 
ator by water electrolysis using a solid polymer electro- 
lyte. 

Example 8 

A dispersion of 5 grams of carbon biack/p latin um 
(25 wt.%) particles (from NE Chemcat Co.) in 40 grams 
of 2-methyi, 1 -propyl alcohol was prepared. To the dis- 
persion was added a liquid composition of isopropyl al- 
cohol containing 9 wt.% Nafion® perfluorosuifonic acid 
resin (manufactured by DuPont Co.) and thoroughly 
mixed, with the aid of ultrasonic agitation, to form a liquid 
mixture, having a relative concentration of 25 wt.% ion 
exchange resin and 75 wt.% carbon black supported 
platinum. 

A collector sheet consisting of 230 micrometer thick 
carbon paper, manufactured by Toray Co., was impreg- 
nated with an aqueous dispersion of PTFE to develop 
water repellency, and then heat treated at 360°C for 1 0 
minutes. A porous expanded polytetrafluoroethylene 
electrode-support film (thickness - 1 6 micrometers; pore 
volume - 94%; IBP - 0.12 kg/cm 2 ) was fixed to the sur- 
face of the carbon paper. The liquid mixture was applied 
by brush to impregnate the pores of the electrode-sup- 
port film, after which the solvent was removed by air dry- 
ing. The composite structure was heat treated at 120°C 
for 24 hours, thus completing a first electrode. 

A porous expanded polytetrafluoroethylene mem- 
brane-support film (thickness - 20 micrometers; pore 
volume - 93%; IBP - 0,15 kg/cm 2 ) was fixed to the ion 
exchange resin/catalyst impregnated surface of the first 
electrode. The porous PTFE film was coated by brush 
with a liquid composition of isopropyl alcohol containing 
5 wt.% Nafion® perfluorosuifonic acid resin (manufac- 
tured by DuPont Co.), and air dried. The coating and air 
drying steps were repeated 3 times until the pores of the 
PTFE film were essentially completely filled and the lay- 
ers joined °by the solid polymer ion exchange resin 
present in each layer, thus forming a first unitary assem- 
bly of the invention. 

An aqueous dispersion of carbon black particles 
("Denka Black", supplied by Denka Co.) and PTFE resin 
particles having a solids concentration 60 wt.% carbon 
black and 40 wt.% PTFE was prepared. The PTFE was 
coagulated, and the coagulum of mixed carbon black 
and PTFE dried. Naphtha was added and mixed into the 



dried coagulum as a lubricant. The lubricated coagulum 
was ram-extruded to form a tape 2.5 mm thick. The ex- 
truded tape was calendered and the thickness reduced 
to about 300 micrometers. The calendered tape was 

5 uniaxially stretched (in the longitudinal direction) at a 
temperature of about 250*C to 5 times its original length, 
and then again calendered to reduce its thickness by a 
factor of 5. The electrically-conductive gas permeable 
electrode sheet thus produced was about 60 microme- 

10 ters thick, had a nominal pore size of about 1 microme- 
ter, and a bulk density of 0.51 g/cc. A collector sheet, 
identical to the collector sheet bonded to the first elec- 
trode, was fixed to one surface of the gas permeable 
electrode sheet. 

is a porous expanded polytetrafluoroethylene elec- 
trode-support film, identical to the electrode-support film 
of the first electrode, was fixed to the other surface of 
the gas permemable electrode sheet, and impregnated 
with the liquid mixture of ion exchange resin/catalyst 

20 particles, and heat treated as described above, thus 
forming a second electrode. 

A porous expanded polytetrafluoroethylene mem- 
brane-support film, identical to the membrane-support 
joined to the first electrode, was fixed to the ion ex- 

25 change resin/catalyst impregnated surface of the sec- 
ond electrode, and was impregnated with the same ma- 
terials and in the same manner, thus forming a second 
unitary assembly of the invention. 

A small amount of the same liquid composition of 

30 isopropyl alcohol containing 5 wt.% Nafion® perfluoro- 
suifonic acid resin described above was then applied by 
brush to the surface of the Nafion® resin-filled mem- 
brane-support film of the second assembly and the ion 
exchange resin-containing surfaces of the first and sec- 

35 ond assemblies were brought together and lightly 
pressed to remove entrapped air and intimately join the 
assemblies, after which the solvent was removed by air 
drying and another embodiment of the unitary assembly 
of the invention completed. 

40 This embodiment of the invention was mounted and 
operated as a gaseous fuel cell. Humidified hydrogen 
was fed on one side of the mounted assembly, and ox- 
ygen was fed on the other side at an operating temper- 
ature of 80° C. The cell developed a voltage of 0.71 volts 

45 at a current level of 1 A/cm 2 . 

Example 9 

A porous expanded polytetrafluoroethylene mem- 
so brane-support film (thickness - 10 micrometers; pore 
volume - 83%; IBP - 1.75 kg/cm 2 ) was superposed on 
a polypropylene release sheet. The membrane-support 
film was coated by brush with a liquid composition of 
isopropyl alcohol containing 5 wt.% Nafion® perfluoro- 
55 sulfonic acid resin (manufactured by DuPont Co.), and 
air dried at 70°C. The coating and air drying steps were 
repeated 4 times until the pores of the PTFE film were 
essentially completely filled, resulting in a virtually trans- 
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a composite solid polymer ion exchange mem- 
brane having first and second planar surfaces: 
said composite ion exchange membrane com- 
prising at least one preformed membrane-sup- 
port of porous expanded polytetrafluoroethyl- 
ene, said membrane-support containing, and 
made nonporous by, solid polymer ion ex- 
change resin; and 

a first electrode having two planar surfaces, 
one surface of said first electrode in intimate 
contact with said first surface of said solid pol- 
ymer ion exchange membrane and bonded to 
said membrane by said solid polymer ion ex- 
change resin. 

2. The assembly as recited in Claim 1 further compris- 
ing 

a second electrode having a surface in intimate 
contact with said second surface of said com- 
posite solid polymer ion exchange membrane 
and bonded to said membran e by said solid pol- 
ymer ion exchange resin. 

3. The assembly as recited in Claim 1 wherein said 
first electrode comprises a preformed electrode- 
support of porous expanded polytetrafluoroethyl- 
ene, said electrode-support containing both a solid 
polymer ion exchange resin and a catalyst material. 

4. The assembly as recited in Claim 3 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

5. The assembly as recited in Claim 3 wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 

6. The assembly as recited in Claim 4 wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 

7. The assembly as recited in Claim 2 wherein said 
second electrode comprises a preformed elec- 
trode-support of porous expanded polytetrafluor- 
oethylene, said electrode -sup port containing both a 
solid polymer ion exchange resin and a catalyst ma- 
terial. 

8. The assembly as recited in Claim 7 wherein said 
preformed electrode -sup port further contains a 
noncatalytic electrically-conductive material. 



9. The assembly as recited in Claim 7 wherein said 
second surface of said second electrode is in inti- 
mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 

5 said electrically-conductive material by said solid 
polymer electrolyte resin. 

10. The assembly as recited in Claim 8 wherein said 
second surface of said second electrode is in inti- 

10 mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 
said electrically-conductive material by said solid 
polymer electrolyte resin. 

'5 11. A unitary assembly for an electrochemical cell com- 
prising 

a solid polymer ion exchange membrane hav- 
ing first and second planar surfaces; and 

20 a first electrode having two planar surfaces; 

said first electrode comprising a preformed 
electrode-support of porous expanded poly- 
tetrafluoroethylene, said elect rode -sup port 
containing both a solid polymer ion exchange 

2$ resin and a catalyst material; 

wherein one surface of said first electrode is in 
intimate contact with said first surface of said 
solid polymer ion exchange membrane and 
bonded to said membrane by said solid poly- 

30 mer ion exchange resin. 

12. The assembly as recited in Claim 11 further com- 
prising 

35 a second electrode comprising a preformed 

electrode-support of porous expanded poly- 
tetrafluoroethylene, said electrode-support 
containing both a solid polymer ion exchange 
resin and a catalyst material; 

40 wherein one surface of said second electrode 

is in intimate contact with said second surface 
of said solid polymer ion exchange membrane 
and bonded to said membrane by said solid pol- 
ymer ion exchange resin. 

45 

13. The assembly as recited in Claim 11 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

so 14. The assembly as recited in Claim 12 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

15. The assembly as recited in Claim 11 wherein said 
55 second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
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